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(54) A test and measurement instrument having telecommunications mask testing capability with 
an autof It to mask feature 



(57) Initial mask and waveform positions on a dis- 
play screen may be detemiined by an AUTOSET TO 
MASK function. Upon detection of violations that occur 
after the AUTOSET TO MASK function is complete, con- 
trol for further alignment of the wavef omn under test and 
the mask is assumed by an AUTOFIT TO MASK func- 
tion. Comparison of the mask pixels and waveform pix- 
els to detect collision between a waveform pixel and a 
mask pixel (i.e., a mask violation) is performed substan- 
tially in real time, as the pixels are being composited into 



the raster memory by the rasterizer. In the event of a 
mask violation, a mask violation signal is generated. In 
a further embodiment of the invention, in response to 
the mask violation signal, the AUTOFIT TO MASK func- 
tion uses display rasterization to automatically redraw 
the waveform at a new location, until the waveform fits 
within the mask. In yet another embodiment, in re- 
sponse to the mask violation signal, the AUTOFIT TO 
MASK function automatically redraws the telecom mask 
at a new location until the waveform fits within the mask. 
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Description 

Claim for Priority 

[0001] The subject application hereby claims priority 5 
from United States Provisional Patent Application Serial 
Number 60/155,977, entitled TELECOMMUNICA- 
TIONS MASK TESTING, filed 24 September 1 999 in the 
names of Peter J. Letts and Steven C. Hemng. 

10 

Cross Reference to Related Applications 

[0002] The subject application is related to U.S. Pat- 
ent Application Serial Number 09/607,573 filed on June 
29, 2000, bearing attorney docket number 7011 -US2, is 
entitled A TEST AND MEASUREMENT INSTRUMENT 
HAVING TELECOMMUNICATIONS MASK TESTING 
CAPABILITY WITH A MASK ZOOM FEATURE, (Letts) 
assigned to the same assignee as the subject applica- 
tion, and also claiming priority from the above-identified 20 
U.S. Provisional application, and to U.S. Patent. Appli- 
cation Serial Number 09/61 9,067 filed on July 19. 2000, 
bearing attorney docket number 7011 -US3, entitled A 
TEST AND MEASUREMENT INSTRUMENT HAVING 
MULTI-CHANNEL TELECOMMUNICATIONS MASK 25 
TESTING, (Letts and Herring), assigned to the same as- 
signee as the subject application, and also claiming pri- 
ority from the above-identified U.S. Provisional applica- 
tion. These two patent applications respectively conre- 
spond to European patent applications Nos. 30 

and (Agents refs, J42588EP and 
J42589EP). filed simultaneously herewith. 

Field of the Invention 

35 

[0003] The subject invention generally concerns test 
and measurement instruments, and in particular con- 
cerns those test and measurement instruments employ- 
ing telecom mask features. 

40 

Background of the Invention 

[0004] In the telecommunications industry, it is com- 
monplace to perform a test to determine if a particular 
signal is in compliance with parameters estat)lished by 45 
national and international communications standards 
bodies such as ITU-T and ANSI. A primary way to per- 
form such a compliance test is to compare the pulse 
shape- of a waveform acquired by an oscilloscope to a 
waveform "mask". The mask defines a pathway having 50 
minimum and maximum amplitude values, predeter- 
mined bit rate, and defined minimum slope on signal 
edges (i.e., minimum bandwidth). If the signal undertest 
stays within the pathway boundaries, then the signal 
passes the test. This kind of test is known as Telecom ss 
Mask Testing. 

[0005] A recent innovation in oscilloscope features 
has been a "AUTO SET TO MASK" function. The AU- 
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TOSET TO MASK function automatically sets up the 
horizontal, vertical, and triggering settings on the oscil- 
loscope to accommodate the expected signal, and over- 
lays a mask on the oscilloscope display. The procedure 
followed in the operation of an AUTOSET TO MASK 
function is to set the horizontal and vertical scales to a 
nominal value, acquire a waveform, and adjust the scale 
and position of the waveform by adjusting the settings 
of the input A/D converters, and display the mask. Un- 
fortunately, it has been obsen/ed that the AUTOSET TO 
MASK function sometimes places the mask on the dis- 
play with an undesired offset in the vertical or horizontal 
directions. The likelihood of incorrect placement of the 
mask depends upon several factors including the shape 
of the signal being acquired and the particular algorithm 
used to implement the AUTOSET TO MASK function. 
[0006] It should be understood that an AUTOSET TO 
MASK function merely sets up the acquired waveform 
and displays the mask. It does not check for intrusions 
into the mask area by the waveform being tested (i.e., 
violations, or mask hits). Thus, the AUTOSETTO MASK 
function does not provide correction for such violations. 
[0007] In this regard, note that telecommunications 
standards often allow some tolerance in vertical offset 
for the communications signal. That is, telecommunica- 
tions standards are usually more concerned (i.e. exhibit 
tighter tolerances) with respect to other signal charac- 
teristics, such as pulse width, and rise time. If the tele- 
com mask is incorrectly placed due to such an offset, an 
otherwise perfectly acceptable signal (i.e.. one that 
should have passed) will unnecessarily fail when it is 
later tested for intrusions into the mask area. 
[0008] One prior art response to this problem was a 
software solution used in the Tektronix 2400 DITS (Dig- 
ital Interface Test System), manufactured by Tektronix, 
Inc., Beaverton, Oregon. In this arrangement, a wave- 
form was acquired by the oscilloscope, rasterized, and 
stored. Each pixel of the rasterized waveform is indexed 
to a particular list of vertical segment points occupied by 
the mask atthatparticularhorizontal (i.e., time) position. 
Thereafter, the individual pixels of the rasterized wave- 
form were read out and compared, one by one, with the 
corresponding vertical array of mask segment locations 
to see if pixels in the mask area and the waveform co- 
incided. If so. a "mask hir was said to have occurred. 
This purely software solution counted the number of 
"mask hits" that occurred, and repositioned the mask 
(horizontally or vertically on the display) until the number 
of mask hits was reduced to zero. This assumes, of 
course, that the signal undertest did, in fact, correspond 
to the applicable standard. It is important to note that 
this prior solution did not operate in real time but rather 
post-processed the rasterized waveform data. 
[0009] While this solution does perform extremely 
well for ensuring compliance with standards for low. 
speed telecommunication signals, it tends to be soft- 
ware intensive and time consuming. What is needed is 
a faster, less software intensive.soiution to the.problem 
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of properly registering the telecom mask with respect to 
the signal under test. 

Summary of the Invention 

[0010] Initial mask and waveform positions on a dis- 
play screen may be detemiined by an AUTOSET TO 
MASK function. Upon detection of violations that occur 
after the AUTOSETTO MASK function is complete, con- 
trol for further alignment of the waveform under test and 
the mask is assumed by an AUTOFIT TO MASK func- 
tion. Comparison of the mask pixels and wavefonm pix- 
els to detect collision between a waveform pixel and a 
mask pixel (i.e., a mask violation) is performed substan- 
tially in real time, as the pixels are being composited into 
the raster memory by the rasterizer. In the event of a 
mask violation, a mask violation signal is generated. 
[0011] In a further embodiment of the invention, in re- 
sponse to the mask violation signal, the AUTOFIT TO 
MASK function uses display rasterization to automati- 
cally redraw the waveform at a new location, until the 
waveform fits within the mask. 

[001 2] In yet another embodiment, in response to the 
mask violation signal, the AUTOFIT TO MASK function 

automatically redraws the telecom mask at a new loca- 
^tien until the waveform fits within the mask. 

Brief Description of the Drawing 

[0013] FIGURE 1 is a simplified schematic of an os- 
cilloscope suitable for use with the invention. 
[001 4] FIGURE 2 is a simplified representation of the 
planes of memory employed by the apparatus of FIG- 
URE 1. 

[001 5] FIGURE 3 shows a screen display of a telecom 
mask and waveform in accordance with one embodi- 
ment of the subject invention. 

[0016] FIGURE 4 is an illustration showing a magni- 
fied view of a portion of the telecom mask of FIGURE 3. 
[0017] FIGURE 5 shows a screen display of a telecom 
mask and waveform in accordance with a second em- 
bodiment of the subject invention. 

Detailed Description of the Drawing 

[0018] FIGURE 1 shows, in simplified block diagram 
form, a digital oscilloscope 100 useful for practicing the 
invention. An input signal is applied to ACQUISITION 
CIRCUITRY 110 including an A/D (analog to digital) 
converter 111. ACQUISITION CIRCUITRY 110 sub- 
stantially continuously samples the applied input signal 
at high speed and stores the samples in an ACQUISI- 
TION MEMORY 120. 

[0019] In operation, digital oscilloscope 100 acquires 
information about the behavior of the input signal (i.e.. 
a waveform) by periodically sampling the voltage 
present at the point where a probe (not shown for sim- 
plicity) is in contact with soma node of r* circuit under 
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observation. The oscilloscope probe and front end of os- 
cilloscope 100 are designed to precisely replicate the 
signal, or some predetermined fraction or multiple of the 
signal, and present it to A/D converter 111. The output 

5 of A/D converter 1 1 1 Is a series of multi-bit digital words 
that are stored in ACQUISITION MEMORY 120. Suc- 
cessively acquired samples are stored at sequentially 
related addresses in the acquisition memory, and are 
thereby related to a time scale. Data at those addresses 

10 will eventually be converted back to a time scale by a 
RASTERIZER 140, and stored in a RASTER MEMORY 
150. Display hardware such as INTENSITY OR COLOR 
MAPPER 1 80 reads the contents of RASTER MEMORY 
150 and applies the data to a RASTER SCAN DISPLAY 

15 190. The time scale, referred-to above, is represented 
as horizontal distance along the x-axis of the oscillo- 
scope's RASTER SCAN DISPLAY 190. 
[0020] For purposes of background information, a 
raster consists of horizontal rows and vertical columns. 

20 Each row can be identified by a location number along 
the vertical axis (y-axis), while each column can be iden- 
tified by a location number along the horizontal axis (x- 
axis). Typically, in a digital oscilloscope, voltage ampli- 
tude values derived from the data contents of an acqui- 
ts sition memory location determine the vertical location 
(row number) of an illuminated pixel, while time values 
derived from the addresses of the acquisition memory 
determine the horizontal location (column number). The 
process of expanding the contents and addresses of an 

30 acquisition memory to produce contents for a two di- 
mensional raster memory is known as "rasterization". 
[0021] RASTERIZER 140 forms a composite muiti-bit 
grayscale waveform by reading the contents of ACQUI- 
SITION MEMORY 120, reading the contents of the rel- 

35 evant location of RASTER MEMORY 150, combining 
the two and storing (i.e., compositing) the resulting value 
back into RASTER MEMORY 150. At substantially the 
same time, a MULTI-FUNCTION RASTER DECAY unit 
170 reads the contents of RASTER MEMORY 150 and 

40 decrements the data at a predetenmined rate, and stores 
the decayed value back into RASTER MEMORY 1 50 for 
later display. All of the above-described functions may 
operate under control of a controller 130, which may be, 
for example, a PowerPC G3 microprocessor, a dedicat- 

45 ed ASIC, or alternatively, controller 130 may be imple- 
mented as multiple processors. 

[0022] RASTER MEMORY 150 is shown in greater 
detail as RASTER MEMORY 250 in FIGURE 2. 
RASTER MEMORY 250 comprises three planes of 

50 memory, a GRAY SCALE (GS) PLANE 252, a VECTOR 
PLANE 254. and a Ul (User Interface) PLANE 256. One 
skilled In the art will realize that while it is easy to think 
of this structure in terms of memory "planes", they are 
really just contiguous blocks of fast SRAM display mem- 

55 cry. 

[0023] Wavefomfi data is written into GS PLANE 252. 
which is an array of 205.824 memory locations arranged 
In a 51 2 by 402 m?trix. witr^ each memory location being 
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nine bits long. The nine bits define intensity, color, and 
whether the pixel is a mask pixel or a waveform pixel. 
[0024] VECTOR PLANE 254 is used for displaying 
waveforms resulting from mathematical operations (for 
example, the sum of the signals from channel 1 and 
channel 2), or for displaying a previously stored refer- 
ence waveform. VECTOR PLANE 254 is an array of 
205,824 memory locations arranged in a 512 by 402 ma- 
trix, with each memory location being two bits long. It is 
noted in passing that two bits will define three levels of 
illumination and the "OFF" state for a given pixel. 
[0025] Ul PLANE 256 is used to store pixel data as- 
sociated with text characters, and it encompasses the 
entire 640 by 480 screen area. Thus, Ul PLANE 256 is 
an array of 307,200 memory locations arranged In a 640 
by 480 matrix, with each memory location being fourbits 
long. The four bits define color and Illumination level for 
a given pixel. 

[0026] The output signals from the three planes 252, 
254. and 256 are read out and combined for display in 
DISPLAY READOUT HARDWARE unit 280, typically at 
a 60 Hz rate. 

[0027] FIGURE 3 shows two parts of a typical telecom 
mask 310, 320 displayed on a display screen of an os- 
cilloscope. Controller 130 of FIGURE 1 draws the tele- 
com mask into display memory. It is drawn as a series 
of polygons (e.g. trapezoids) defined by a series of 
stored X-Y points. The telecom mask may be drawn into 
either of two memory planes depending upon its ulti- 
mate purpose. If the purpose is simply to view the tele- 
com mask, or to move it about the screen, then it is 
drawn into VECTOR PLANE 254. However, if the pur- 
pose is to perform a comparison with waveform data as 
in the subject AUTOFITTO MASK function, then the tel- 
ecom mask is drawn into the GS PLANE 252. This is 
required because the rasterizer must have access to 
both the waveform data and the telecom mask data in 
order to detect violations (i.e., make a collision determi- 
nation) between the two. as the pixels are being drawn 
into GS PLANE 252 of RASTER MEMORY 250. 
[0028] Referring to FIGURE 3. a display screen 300 
of a digital oscilloscope, or the like, has displayed ther- 
eon, a telecom mask having an upper portion 310 and 
a lower portion 320. Each of upper portion 31 0 and tower 
portion 320 comprises individual segments composed 
of polygons (e.g., trapezoids). 

[0029] Assume that an AUTOSET TO MASK feature 
has placed telecom mask 310, 320 on the display 
screen (written it into RASTER MEMORY 150) and has 
acquired and adjusted waveform 330 to nominal values. 
The AUTOFIT TO MASK function now takes control, 
and prevents decay of any pixel data in the mask area 
(so that the mask does not have to be continually re- 
drawn). 

[0030] Recall that existing data is read out of the rel- 
evant location of GS PLANE 252 of RASTER MEMORY 
250 before new data is written into it. The existing data 
is combined with the new data for implementing the in- 



crementing portion of the gray scaling feature (the. dec- 
rementing portion of the gray scaling feature being ac- 
complished by MULTIFUNCTION RASTER DECAY 
unit 170). The combined data is then written back into 
5 the memory for display, 

[0031] The subject invention recognizes that imple- 
menting the collision detection operation at the point 
. when the existing data and the waveform data are being 
combined, enables operation of this feature at an ex- 
10 tremely high rate of speed (approximately ten million 
points per sec). Thus, if the existing pixel data indicates 
that this pixel is part of the telecom mask, a collision 
between the waveform pixel and the mask pixel (i.e., a 
violation) is detected. In this regard, waveform 330 is 
IS illustrated as violating the telecom mask at points 335 
and 337 due to an offset error. Upon detecting the first 
violation (i.e., at point 335), the AUTOFITTO MASK fea- 
ture initiates a compensating offset of the displayed po- 
sition of the acquired waveform until it no longer violates 
the mask. Such a position of the waveform is illustrated 
by waveform 340. That is. for purposes of explanation, 
two waveforms 330, 340 are both shown displayed on 
display screen 300. In fact, waveform 340 is merely a 
repositioned version of waveform 330, and both would 
not be displayed simultaneously. 
[0032] At first, one might think that the repositioning 
of waveform 330 could be accomplished by adjusting 
the gain and offset of input A/D Converter 111. While 
fine adjustments can be made in that fashion, larger ad- 
justments require one to allow for settling time before 
measurements are valid. Even worse, if the adjustment 
caused operation of A/D Converter 111 to traverse one 
of several predetermined threshold levels, then chang- 
es in circuit configuration may involve the switching of 
relay contacts. Allowing for relay switching time and set- 
tling time would have a significant adverse impact on 
the speed with which mask testing could be performed. 
[0033] It is herein recognized that it is not necessary 
to reconfigure the acquisition system in order to reposi- 
tion waveform 330 with respect to the mask. Rather, the 
repositioning of waveform 330 with respect to the mask 
is accomplished by redrawing the wavefomi in a new 
position in GS PLANE 252 of RASTER MEMORY 250. 
It is important to note that this operation merely affects 
the displayed position of the waveform. As such, repo- 
sitioning of the waveform with respect to the mask can 
be accomplished at high speed without the need to allow 
for any settling time at all. 

[0034] A "spiral search" is one method for reposition- 
ing the waveform with respect to the mask. A usable 
form of spiral search is shown in FIGURE 4. The 
squares of FIGURE 4 represent pixels of display screen 
300 (or perhaps memory locations in GS PLANE 262 of 
RASTER MEMORY 250). In particular, diagonally 
hatched pixels 410 represent the magnified tip of mask 
310. A position 435 represents a point near the mask 
violation area 335 of FIGURE 3. Assuming for purposes 
of explanation, that a collision was detected at pixel.0. 
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a signal indicative of a mask violation would be gener- 
ated (e.g . . a "flag" bit set in memory) , and a spiral search 
would progress outwardly, in a counterclockwise direc- 
tion, examining pixels 1 through 28. Each of pixels 1 to 
28 would indicate yet another violation. Assuming that 
pixel 29 is not part of the mask (as indicated by the fact 
that it is not diagonally hatched), the spiral search would 
terminate at that location. Note that pixel 29 is directly 
beneath pixel 0. This stopping point generally agrees 
with the placement of wavefonm 340 of FIGURE 3. That 
is. stopping the spiral search at pixel 29 will cause ras- 
terizer 140 to store all of the pixels of wavefonn 330 in 
memory locations that will be displayed lower on screen 
330. This causes wavefonn 340 to appear on screen 
300 directly below the location formerly occupied by 
waveform 330. in FIGURE 4, the diagonal hatching of 
a pixel is used to represent a data value stored in a lo- 
cation of GS PLANE 252, wherein the data value indi- 
cates whether or not a particularpixel is part of the mask. 
It should also be noted that a given search radius sets 
an offset tolerance. That is, limiting the search radius 
prevents the waveform from being moved too far verti- 
cally, if such movement would extend beyond an offset 
limit defined by a particular signal standard. 
[0035] One skilled in the art will realize that the move- 
ment of the mask and waveform are relative to one an- 
other. Thus, in the alternative, one could move the mask 
and keep the waveform stationary. A screen display for 
such an arrangement is shown in FIGURE 5. 
[0036] In FIGURE 5. a violation has occurred in the 
area of 535 and 537 of mask 510. In response, a spiral 
search is begun to locate a pixel in the area of 535 in 
which mask 510 and waveform 540 do not coincide. In 
this case the mask is moved upward until the violations 
cease. That new mask position is indicated by an over- 
laid mask 510'. Note that the violation no longer occurs 
at point 535', or at point 53r . 

[0037] Because mask 51 0 is drawn by controtle r 1 30, 
moving the mask relative to the waveform will be always 
be very much slower than moving the waveform relative 
to the mask. If a user is concerned with over all testing 
time, then a slower arrangement in which the mask has 
to be redrawn may not be acceptable. With regard to 
speed of operation, because moving the mask with re- 
spect to the waveform occurs in the display rather than 
in the acquisition system, this alternative is still faster 
than the above-described prior art methods that neces- 
sarily incur delays due to settling time and relay opera- 
tion. 

[0038] However, the speed of this alternative could be 
improved by changing controller 130 from a microproc- 
essor to a dedicated ASIC. In this way, the speed with 
which the mask can be drawn to memory would be 
greatly increased. Such an arrangement is deemed to 
lie with the scope of the present invention. 
[0039] What has been described is a very high-speed 
method and apparatus for repositioning a wavefonm with 
respectio a telecom mask, or a high-speed method and 



apparatus for repositioning a telecom mask with respect 
to a waveform. 

[0040] It is also recognized that it is the comparison 
of mask pixel data and waveform pixel data substantially 

5 in real time by the RASTERIZER as the pixels are being 
stored into RASTER MEMORY that is the basic advance 
in the art provided by the subject invention. This is true 
whether or not correction to eliminate violations is made. 
Thus, in a further embodiment, upon detection of a vio- 

10 lation by the subject apparatus, a signal indicative of the 
violation is generated. 

[0041] While a particular spiral search method was 
discussed, one skilled in the art will recognize that other 
search methods may also be used. Although the subject 

IS invention was described with respect to a digital oscillo- 
scope, it is herein recognized that the invention may be 
applicable to other test and measurement equipment, 
such as a logic analyzer, or a communications network 
analyzer, or the like. 

20 [0042] While the X-Y points for generating the mask 
were described as previously stored, one skilled in the 
art will appreciate that the user can download his own 
data from a PC through a data port of the test and meas- 
urement instrument in order to create custom masks. 

25 

Claims ' 

1. A test and measurement instrument having mask 
30 testing capability, comprising: 

an acquisition system for acquiring samples of 
a waveform; 

a controller for generating mask pixel data de- 
35 fining a mask; 

a memory for storing said waveform samples 
and said mask pixel data, said mask pixel data 
including an identification code; and 
comparison circuitry for reading a memory lo- 
40 cation, and determining substantially in real 

time if a particular waveform sample of said ac- 
quired waveform samples is to be written into 
a memory location currently storing a mask pix- 
el, said first memory location being one of a first 
45 group of memory locations; 

said comparison circuitry generating a violation 
signal indicative of a mask violation in response 
to said determination. 

50 2. The test and measurement instrument of claim 1 
wherein, 

said comparison circuitry is a rasterizer; 
said memory is a raster memory; and 
55 said comparison is performed by said rasterizer 

examining pixel data of said raster memory for 
said identification code as said waveform sam- 
ples are composited into said raster memory, 
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3. The test and measurement instrument of claim 2. 
further including: 

display circuitry coupled to said raster memory 
for displaying said mask and said waveform; 
said rasterizer compositing said waveform 
samples in a second group of memory locations 
in response to said violation signal, said second 
group of memory locations causing a change 
in displayed position of said wavefomri with re* 
spect to a displayed position of said mask. 

4. The test and measurement instrument of claim 3. 
wherein said controller causes rasterizer to com- 
posite said waveform samples into said second 
group of memory locations in response to a search 
pattern for locating a waveform display position with 
respect to said displayed position of said mask that 
does not cause mask violations. 

5. The test and measurement instrument of claim 3 
wherein said controller generating mask pixels is a 
microprocessor. 

6. The test and measurement instrument of claim 3 
wherein said controller generating mask pixels is a 
dedicated ASIC. 

7. The test and measurement instrument of claim 2, 
further including: 

display circuitry coupled to said raster memory 
for displaying said mask and said waveform; 
said circuitry for generating mask pixels com- 
posites said mask pixels in a second group of 
memory locations in response to said violation 
signal, said second group of memory locations 
causing a change In displayed position of said 
mask with respect to a displayed position of 
said waveform. 

8. The test and measurement instrument of claim 7, 
wherein said controller causes said mask pixels to 
be composited into said second group of memory 
locations in response to a search pattern for locat- 
ing a mask display position with respect to dis- 
played position of said waveform that does not 
cause mask violations. 

9. The test and measurement instrument of claim 8 
wherein said circuitry for generating mask pixels is 
a microprocessor. 

10. The test and measurement instrument of claim 8 
wherein said circuitry for generating mask pixels is 
a dedicated ASIC. 

11. The test and measurement Instrument of claim l 



further comprising: 

a data port for receiving data relating to said 
mask; 

5 said controller being coupled to said data port 

and generating a mask from said data relating 
to said mask. 

12. The test and measurement instrument of claim 1 
10 wherein: 

said test and measurement instrument is a 
digital oscilloscope. 

13. A method for correcting for mask violations in test 
and measurement instrument having mask testing 
capability, comprising the steps of: 

acquiring samples of a waveform; 
generating mask pixel data defining a mask; 
storing said waveform samples and said mask 
pixel data in a memory, said mask pixel data 
including an identification code; 
comparing mask pixel data and wavef onm sam- 
ple data by reading a rhemory location, and de- 
termining substantially in real time if a particular 
waveform sample of said acquired waveform 
samples is to be written into a memory location 
currently storing a mask pixel, said first memory 
location being one of a first group of memory 
locations; 

generating a violation signal indicative of a 
mask violation in response to said determina- 
tion 

displaying said mask and said wavefomn on a 
display screen; and 

compositing said waveform samples in a sec- 
ond group of memory locations in response to 
said violation signal to cause a change in dis- 
played position of said waveform with respect 
to a displayed position of said mask. 

14. The method of claim 13 wherein, 

said memory is a raster memory; and 
said comparing step is performed by a raster- 
izer examining pixel data of said raster memory 
for said identification code as said waveform 
samples are composited into said raster mem- 
ory. 

15. The method of claim 14. wherein said compositing 
step includes: 

compositing of said waveform samples into 
said second group of memory locations by said ras- 
terizer in response to a search pattern for locating 
a desired waveform display position with respect to 
said displayed position of said mask, wherein said 
desired waveform position does not cause mask vi- 
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olations. 

16. The method of claim 13, further including the steps 
of 

5 

displaying said mask and said waveform on a 

display; and 

compositing said mask pixels in a second group 
of memory locations in response to said viola- 
tion signal, said second group of memory loca- io 
tions causing a change in displayed position of 
said mask with respect to a displayed position 
of said waveform. 

17. The method of claim 16, wherein said compositing is 
step includes: 

compositing said mask pixels into said sec- 
ond group of memory locations in response to a 
search pattern for locating a desired mask display 
position with respect to displayed position of said 
waveform, wherein said desired mask display posi- 
tion does not cause mask violations. 

18. A test and measurement instrument which has a 
display memory the contents of which are, during ^5 
an update operation, repeatedly read, altered in ac- 
cordance with received measurement data and re- 
written, so that a display representing the measure- 
ment data is updated to reflect changes in the data, 
characterised by means for generating a violation so 
signal in response to detecting that contents read 
from a display memory location during the update 
operation are representative of a mask and that the 
measurement data includes a sample for combining 
with said contents. ^ 
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